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Abstract: In our earlier paper we demonstrated that chirped Bragg gratings (LCBGs) 
can compensate for a chromatic dispersion by reflecting different wavelengths at 
different location along the axis of the gratings. In this paper, we make use of such a 
dispersion-compensating property to create a white light cavity (WLC) effect that 
cancels the round trip phase shift due to propagation as the optical frequency is tuned.  
A pair of LCBGs is used to make the cavity. To fulfill WLC condition, the dispersion 
profile of the LCBGs is tailored by adjusting parameters such as chirping rate, 
modulation depth and the length of the grating region. Numerical simulation shows 
WLC bandwidth is ~10GHz. We also present a method to switch the WLC effect and 
propose data buffer systems with a pair of LCBG−WLCs. 
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Introduction 
White light cavity (WLC) has a broader linewidth without loss of a build-up factor than an ordinary 
cavity with the same finesse.  Such an enhanced linewidth is an essential property to apply WLC to 
optical detection, sensing and communication: For example WLC increases the sensitivity enough to 
detect the extremely weak side band signal produced by gravity waves without restricting the detection 
bandwidth. For a data buffer system, the high transmission of WLC over a broad enough spectral range 
to encompass the data pulse spectrum has been proposes as a data buffer system. It shows an enhanced 
delay time bandwidth product (DBP) overcoming constraints encountered by conventional buffer 
systems.  WLC effect in a laser cavity was proposed for hypersensitive rotation sensing wherein the 
sensitivity of the lasing frequency to displacement was enhanced on the order of ∼105 higher than a 
conventional laser.  
In WLC, the frequency dependent phase shift due to propagation delay is cancelled by tailoring a 
dispersion profile of the intracavity medium such that WLC condition is achieved: 1= −gn L where 
L is the cavity length, and ng and  are the group index and the length of intracavity medium, 
respectively. In previous implementations, ng is controlled by coupling a weak probe to a strong pump 
in non-linear media. However, such a probe-pump interaction scheme is not applicable when we need 
to use a high power probe, for example, ~40 Watt probe beam is used in the Advanced LIGO 
interferometer and then the pump would have to be even stronger to induce dispersion. Current 
material technology cannot provide a non-linear medium which holds such high power beams. A 
passive approach to the enhancement of the bandwidth of LIGO like interferometer was attempted by 
using two gratings placed in parallel; however, if one consider the geometrical optical path arising from 
the wavelength-dependent diffraction angle as well as the additional phase change associated with the 
spatial phase modulation of the gratings, it is then impossible to make the variation of the phase with 
respect to frequency become zero. The essence of this constraint originates from the constant grating 
period. In ref. 错误！未定义书签。, if the grating period is a function of frequency i.e. ( )≡ ωg g  
rather than the constant, then the phase variation would become [ ]( ) c gΦ ω = ω − ωd d L Dtanβd d
implying that Φ ωd d  could be zero with the appropriate choice of g ωd d .    
Fibre interferometer configurations such as the Michelson and Fabry-Perot (FP) have been formed 
using  chirped Fibre Bragg Gratings (FBG) acting as partial reflectors. As well as increasing the 
dynamic range of the interferometer, chirped FBGs are dispersive elements which can allow tuning of 
the response of the interferometers to measurements such as strain and temperature. In a chirped FBG, 
the resonance condition of the FBG varies along the FBG’s length. Each wavelength is reflected from 
different portion of the FBG, which imparts a different group delay to the different components of the 
incident light. The implication of the wavelength dependence resonance position is that there is a large 
movement of the resonance position when the incident wavelength is changed. A chirped FBG FP can 
be configured in which the large dieplacement of the reflection positions in the respective FBGs 
forming the cavity changes in such a way that the sensitivity of the cavity can be enhanced or reduced. 
The FP filter response can be tailored through the extent of chirp. 
In this paper, we consider a pair of linearly chirped Bragg gratings(LCBGs) in waveguide or fiber in 
order to create WLC effect. Thus, the grating period is not constant any more such that Φ ωd d  can 
be zero. We search parameters, for example chirping rate, the length of the grating region and 
modulation depth, to produce the dispersion which makes 0Φ ω =d d .   
   
2. Qualitative Description 
First, it is necessary to understand qualitatively how WLC condition is fulfilled by LCBG. To this end, 
it is instructive to review Bragg reflection from LCBG.  A Bragg grating consists of index-modulated 
layers with periodicity. Light is partially reflected at each interface between high and low refractive 
index regions. When the grating period is multiple integer number of wavelength, each reflected wave 
is in phase resulting in high total reflection close to 100%.  Consider an effective optical path length 
Λi (i=1~3) in the grating region   which an input wave travels before it is fully reflected. Fig 1.(a) 
indicates that if the grating period changes (ex: linearly chirped gratings),  Λi varies with wavelength.  
This is an important property which allows us to produce WLC.  Fig.1(b) illustrates the WLC effect in 
a cavity made with two LCBGs where L is the cavity length. Here, we consider the case that the 
LCBGs have the same parameters. They are placed as displayed in Fig.1(b) such that the traveling 
waves inside the cavity always see the positive chirping rate. The chirping rate is tailored to make Λi 
fulfill a resonance condition: 2Λi+L≡Leff=mλ  where m is the positive integer, λ is the wavelength and 
Leff  is the effective cavity length. In doing so, we can in principle make the cavity resonate all the 
time though the wavelength changes.  
 
 
3. Theoretical analysis 
 
 
Fig.1. (a) Three different wavelengths (λ1<λ2<λ3) are reflected at different locations inside the grating region (b) Schematic illustration of a typical 
Fabry-Perot (FP) cavity of length L formed by a pair of LCBGs.  
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 To quantitatively analyze LCBGs-WLC, we model LCBGs with a field transmission coefficient 
( )= φ
ii i t
t t exp j and a reflection coefficient ( )= φ
ii i r
r r exp j  (i=1,2). We assume Ri+Ti=1 where 
2
=i iR r and 
2
=i iT t . Note ri and ti are complex numbers with the phase changes φ ir and φ it  
resulting from the reflection and the transmission respectively. Here, ri and ti are assumed not to be 
constant but depend on frequency as well as physical parameters of the system.  Next, as displayed in 
Fig.2, a pair of LCBGs (noted as system 1&2) is used to make a cavity with length L. The input field 
Ein of the cavity would simply be related to the output Eout: 
( ) ( )( )1 2 1 (2 )   = φ + φ − φ + φ ω   1 2 1 2out in t t 1 2 r r 0E E t t exp j r r exp j exp jn L c , where n0 is the mean 
index in the cavity and ω is the angular frequency of the field. Hence, the cavity transmission 
2
c ≡ out inT E E evidently becomes: 
 
2 2
1 2
c 2 21 cos( )
=
+ − Φ1 2 1 2 total
t t
T
r r r r
(1) 
where 2Φ = φ + φ + ω
1 2total r r 0
n L c . Here we consider cT  for the case in Fig.1(b). As displayed in Fig. 
1(b), the traveling waves in the cavity will see the same positive chirping rate. Thus they experience the 
equal phase shift φ ≡ φ = φ
1 2r r r
and reflectivity ≡ =1 2r r r . In this situation, we also found that these 
conditions are valid: ≡ =1 2t t t , φ ≡ φ = φ1 2t t t . The proof of this claim will be discussed later in 
detail. Therefore, cT is rewritten as: 
2 21 cos( ) + − Φ totalT R R  where 
2
=t T , 2 =r R .   totalΦ  
includes the term rφ  which is a function of ω and a variable system parameter ξ , i.e. ( , )φ ω ξr  . Note 
that ξ is independent of frequency. The cavity is assumed to resonate at the frequency ω0 so that 
0( ) 2Φ ω = πtotal m (m: positive integer).  When the frequency changes to 0ω + ∆ω , the phase shift from 
 
Fig.2. Schematic illustration of modeling LCBGs-WLC: the system 1&2 represent each LCBG and are separated by L to form a FP 
cavity. 
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where 
0ω=ω
φ = ∂φ ∂ωr1 r . For this approximation, we consider Taylor expansion of ( , )φ ω ξr around ω0  
keeping only the linear term φr1 . This linear approximation holds since we assume  0∆ω ω . Eq.(2) 
indicates that if we make φ = −r1 0n L c  by adjusting ξ, 0( )Φ ω + ∆ωtotal  would then remain 2mπ. That 
implies that the cavity resonates for all the frequencies over a wide range of ∆ω , so-called the WLC 
condition.  
 
In what follows, we make use of LCBG to realize a system with variable φr .  LCBG is a phase 
modulated index-grating. If the phase modulation occurs along z-axis, the index change is then written 
as 0( ) 2 [ ( )]δ =n z nβcosθz where β is the modulation depth and 
2( ) 2= α + κθz z z  in terms of κ the 
modulation frequency at z=0, α the chirping parameter.   The analytical solution to r is well-known: 
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Fig.3 Numerical simulation results for (a) 2r and (b) φr . Note that φ = −r1 0n L c at 
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where  0 (2 )= − κ αz k  and 
2 2
0 (2 )η = β αk  in terms of  0 2≡ κk . The center of the grating is 
assumed to be at z=0 so that LCBG is at 2 z 2− ≤ ≤  .   Note that 0z  implies the point where a 
wave of the wave number k propagating along z-axis is reflected and hence there is no reflection at 
0>z z . Thus 0z is relevant to the effective optical length: 0 2= +Λz   . Here we found Λ depends on 
the frequency, which implies that each frequency experiences a different path length and hence 
different phase shift φr after the reflection from LCBG.  Since φr  depends on the design of the 
LCBG, it is possible to make φ = −r1 0n L c  .  Fig.3 illustrates 
2r and φr for a specific set of 
parameters. For illustration, we have chosen 4 1277.01 10 m−α = × , 0 2.8=ββ , 0 1.45=n  and 
20.5 10 m−= × , where 30 0.67 10
−= ×β . These parameters were chosen to fulfill the WLC condition 
φ = −r1 0n L c  for 
20.640876 10 m−≡ = ×0L L  at 
11
0 r B 2 10ω = ω ≡ ω − π×  where  
14
B 2 1.9355 10ω = π× ×  corresponding to 1550nmλ = . To see WLC effect, we will detune frequency 
around rω  and rω is chosen to make sure 
2 1r  for the particular detuning range. Since for Bω < ω   
0∂φ ∂ω <r shown in Fig.3(b), WLC effect would be created within Bω < ω . Also, we simulate 
2t  
and φt for 
4 1277.01 10 m−α = ± × (everything else same) using the analytical solution to t presented in 
ref 错误！未定义书签。. From the simulation results (not shown in figure), we found 2t  and φt  are 
the same for different α such that ≡ =1 2t t t and φ ≡ φ = φ1 2t t t  in the cavity displayed in Fig.1(b).    
 Fig.4 displays the transmission of the cavity with the length L0. For illustration, we insert 
2r and φr
obtained from Fig.3 to Eq.(1). In Fig.4(a), it is evident that the cavity shows WLC effect with the full 
width at half maximum (FWHM) ~2.9GHz. Note that cT  is asymmetrical around rω because φr does 
not change linearly. For the applications in optical communication considered later, in particular data 
buffer systems错误！未定义书签。, we discuss how to eliminate the WLC effect. To this end, it is 
instructive to plot cT  with the additional phase δ so that 2 2Φ = φ + ω + δtotal r 0 0n L c  . We will discuss 
methods to induce δ  in detail later. Fig.4(b) indicates c 0T  for δ = π  meaning that WLC effect is 
off.  Fig.4(c) illustrates cT for / 2−π < δ < π . In Fig 4(c), it is evident that WLC effect appears when 
2δ = πq  (q is integer). 
 
Fig.4. Numerical simulations for Tc with (a)δ=0, (b) δ=π, and (c) −π/2<δ<π/2.  The parameters for LCBG are the same as used in Fig.3.  
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It is worth to discuss the practical method to induce δ in LCBG WLC.  Fig 5(a) and (b) illustrate two 
different systems to realize a switchable WLC: LCBG WLC in fiber where a piezoelectric actuator 
(PZT) changes the cavity length to L0+∆L so that 2δ = ω∆0n L c , and LCBG WLC in waveguide 
structure where the electro-optic effect due to the voltage through the electrodes gives Π so that 
2δ = Π . It is important to note that ∆L and Π are independent of wavelength but are determined by the 
voltage on the PZT and through the electrodes, respectively. Hence, light will experience the same 
phase shift δ regardless of the wavelength and also δ  is adjustable by changing the voltage. As 
presented in Fig. 5(c), this switchable WLC allows us to make a data buffer system in a manner 
analogous to the previously proposed buffer systems.  When a pulse enters from left, there is no 
voltage on the WLC resulting in  0δ =  i.e. WLC effect is on. As soon as the pulse transmits through 
the WLC, the voltage is activated to induce the additional phase. With the particular value 0δ ≡ δ  
suitable for the elimination of the WLC effect, the pulse will see the high reflectivity of LCBG/ Bragg 
reflector (BR) and thus remain trapped between them.  When the voltage is off, we can then release 
the trapped pulse.              
 
Fig 5. Schematic illustrations for the switchable WLC: (a) voltage through the electrodes produces electro-optic effect resulting in the phase 
Π. As such, light undergoes the additional phase shift δ=2Π, (b) PZT induces ∆L giving the additional phase 2δ = ω∆0n L c  to the 
propagating wave.  (c) Data buffer system with the two WLCs placed in series.     
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